
Nuclear 
ResonanceNulear 

resonane flowmeters, as desrbed by (8), exploita property 
of 

olecular nuclei. In nuclear resonance, the nucleusis dsturbed 
by 

prcessional motions, which have a neglgible effectupon molecular 
or 

chemcal reactions. Essentally, nuclear resonaneconssts of observng 
the absorpton of radio waves at a frequencydetermned by the rato 

of the nuclear magnetc moment to its spin(called the ratio) and 
the value of an applied magneticfield. In water molecules it is 

partcularly 
easy to observe nuclearresonance since hydrogen protons provide 

a very strong absorptionsignal Resonane is observed by using a 
receiver to detect the energy lost from transmtter. No resonance 

sgnal can then bedetected until the transmitter power is reduced 
and suffiient timehas elapsed so that the nulei can relax to their 

normal distributon.Thisrelaxation time Is a characteristic of the 
nuclei and therenvronment and may be used to indcate the velocity 

of flowingfluids.In the soewhat lmited work that has bee done, 

accuracies 

of ±0.5%of full scale have been achieved over a 10:1 range under 
full ppeflow condtions* This tehnique does not appear sutable for 

stormor ombined sewer application at ths time and, consequently, 
willnot be dscussed further.MiscellaneousIt should not be supposed 

that the foregoing 

discussion 
has 

exhaustedthe possibilities of physcal princples or desgn adaptations 
formeasuring flud flows. There are numerous other devices or methodssuch 

as: the (or water hammer) technique that requires thesudden 
closure of a valve or gate and pressurzed ppe flow; screens, whch 

require a reach of very regular channel and a trackon which the sreen 
ear can travel; deve In which flowrate is related to the depth 

of 
the liquid in a contaner whh Isdischarging through alibrated 

orfces; 
fixed measuring palisadesthat consist of airfoil-shaped vanes 

extending across the flow andcreating a dfferential pressure that 
is related to discharge; theclosely related tilting palisades 

whch 
the low s determinedfrom the fore required to prevent the palisade 

from tilting fromthe vertical; and so on.These all have, in 
the writers opnon, one or ore litationswhen consdered for a torm 
or 

ombned sewer applcation, 

thatare so severe as to make any adaptation of them unpractical. 
There¬fore, they are not discussed at all.147 



SECONDARY DEVICESA 

revew of all of the secondary devices used in flow measurementis 
outside the scope of the present wrting. There do exst, howevera number 

of devces that are called flowmeters by their manufacturersbut 
which in actuality, are secondary device for measurng stage.They must 

be used with some form of primary device before true flomeasurements 
can be made. bref dscussion of these devces wllbe given along 

generic lines,As is the case 

wth all secondary devices, there are three basic typesof information 
that an be provided, ether separately or in combi¬naton. These are 
an indication of flow rate (typical units are cfs, etc.; such deves 

are sometimes referred to as indicators);a running total of flow to the 
observed moment (typical unts are ft gal.,.g etc.; such devices 

are sometimes called total¬izers); and a record rangng from a curve 
drawn in ink with a pento a magnetic tape reording, of the rate 

of flow with time over somesuitable period (hour, day, week, etc. such 
devices are termedrecorders) Additional eatures may include 

the ability to transmitthe flow data to a remote site (transmitter, 
the correspondinginstruments at the other end beng termed recevers) 

the abilityto operate in digital versus analog form, etc. The 
dscussions wllnot deal with these topics, but will focus upon the 

method used tosense or measure water level or stage. This is 
probably 

the oldest type of secondary 
devicein 

exitece. It is applied i a stillig well conneted to the gagepoint 
of the primary device (weir, flume, etc.). The float-in-wellessentally 

consists of a float of some sutable shape (sized forompatbility 
with the dimensons of the well) onnected via a cableto a wheel 

and ounterbalanced in some fashion so that the cableremains taut. 
As the float rise or falls wth charges in waterlevel, the cable 
rotate the wheel, which is conncted either mechan¬icaly or 

electronially to the readout, reorder or whatever.Dscharge is determined 
by the use of cams, electronic cruits,etc., that are haracterzed 

for the prmary device involved.Flo a In-Flow In ths type of 
secondary devie, the float rideson the actual surface of the 

flow, 
directly sensing ts level ratherthan indirectly sensing It as 

ith a stlling well. Float shapesrage from spherial, to scow or sk 
shaped, the latter being desigedto minmie disturbances of the 

liquid 
surface fouling by trash ordebrs, oscllations In the Instrument, 

etc. The float is attachedto a hinged arm that is directly or Indirectly 
(e.g., by cable) con¬nected to the man body of the instrument. 

Directly-connected desgnsshould be immerson proof if they are to be 
used In storm or ombined148 



sewers with any history of surcharging In indrectly-connected 
de¬sgns, 

where the main body of the Instrument ca be located above thehgh 
water level It need not necessarily be immerson proof, but thisfeature 

never hurts.Advantages 

of float-in-flow devices Include: freedom from the require¬ment for 
a stllng well and purge system; direct (rather than ndret)sensng of the 
lquid level; and avodance (in some designs) of cables,counterweghts, 

etc., typial of float-in-well devices. Disadvantagesinclude: possible 
fouling by trash or debris (which can result In er¬roneous readings 

or even physical damage) broad chart records in omeinstances due to the 
lack of dampng of water surface oscillationsthat some stilling 

wells provide; and more lmited range due to therestrictions on arm 
length necessary at some installations.Bubbler In this type 

secondary devce, a pressure transduer sensesthe back-pressure experenced 
by a gas which is bubbled at onstantflow rate through a tube 

anchored at an approprate point wth respectto the prmary device. Ths 
back-pressure can be translated into waterdepth and subsequently related 

to discharge. Advantages include a lackof oving parts or mechanisms, 

a sort of self-cleanng action arisngfrom the gas flow, and virtually 
no obstruction to the flow. One ofits ain disadvantages s that if 

the exit end base of the bubble tubebecomes appreciably redued due to 
buldup of contaminans from theflow, erroneous readings will result 

even 
though the instrument mayappear to be funtoning normally* Aspration 

effects due to the velocity of the flow may also present 
problems.Electrical. These secondary devices make use 

of some sort of change Inelectric circut characteristics In order to 

indcate the lqud level.Most desgns utilze a probe or some similar sensor 
which is Imeredn the flow at the gage point. This sensor is a part 

of an electrcalcircuit, and its behavor In the crcuit is a function 
of 

Its degree ofimmersion. For example, the sensor could bascally be an 
admittance-to-current transducer, providng a measure of depth based 
on the smallcurrent flowng from the sensor to the grounded stream. 

Changes 
in anyeletrical property (capacitance, resistance, etc.) can be 

used tosense lquid depth. Advantages are the absence of any moving 
parts,floats, cables, stilling wells, gas supplies, purge requrements 

andthe fact that they cannot plug and are usually unaffected by 
build-upof sludge, algae, slime, mud, etc. The major disadvantage is 

the re¬quirement for the sensing element to physically be in the flow. 
Thepresence of appreciable foam or floating ol and grease can cause 

er¬rors most designs.In a somewhat different desgn belonging to 
ths class, the probe 

isnot actually in the stream but is periodcally lowered, via a 
arrangement, until it makes contact wth the water surface,whch completes 

a mcroampere crcut through the liquid to a groundreturn149 



Ths signal reverses the motor, raising the probe above the surface 
ofthe 

lqud As in the case wth a float, the amount of cable paid outIs the 
measure of stage. Although ths design does not require imer¬sion of 

the sensor In the flow, it does involve mehancal complexitiesand mving 
parts not characteristi of the other electrical secondarydevicesAcoustic 

This 

type of secondary device s growng In popularity asprices decrease. 
Requrng no physical contact wth the liquid, theyenjoy all of the 

advantages listed for electronic designs. They wereovered In the 
discusson of acoustc prmary devices and wll not be here. However, few 

precautionary words will be given.For applcations where space is 
restricted as In some manholes and smallmeter vaults, problems due to false 

may be ecountered. Thsproblem may be overcome at some sites by 
shielding the transducer, butaccurate readings (at low flows at least) 

should not be expected forflows in round ppes or deep, narrow channels 
from most designs. Also,good results hould not be expected if the 

surface of the flow is highlyturbulent or foam covered as the reduced 
return 

signal may not be prop¬erly detected.DISCUSSIONThe evaluaton tables 
of the varous 

flow 
measuring 
devces and tech¬nques are summarzed in matrix form in Table 40. 

It s re-emphasizedthat these evaluatons are made with storm or 
combined 

sewer applca¬tion in mind and will not neessarly be applcable for 
other types offlows.Table 41 offers different (and even more 

subjectve) 

omparison ofsome of the prary deves or techniques that are currently 
beingused to measure torm and combned sewer disharges. Each method 

snumerically evaluated n terms of its percent of achevement of 
severaldesirable haracteristcs. Dlution technques a a lass appear to bethe 

most promisig of all. In vew of the current state of the artowever, 
their usefulness is probably greatest as a tool for in-placecalibrato 

of other prmary devices. They have alo been extremelyuseful for 
general 

survey purposes and have found some applicaton asan adjunct to 
other primary deves during perods of extreme flow suchas presurized 

flow n a ondut that s normally open channel.Acoustic open channel devices 
are also qute promisng; but, because oftheir dependency upon 

the velocity profile and the frequently resultingrequrement for several 
sets of transduers, they are presently onlyjustiiable for very large 

flows In vew of the expense involved. Theusefulness of the Parshall 
flume is evdenced by its extreme popularty.The requrement for a drop 
in the flow is a disadvantage, and submergedoperation may present problems 

at some sites. Known uncertaintes inthe head-dscharge relations 
(possibly up to 5) together with possblegeometric deviatons make calibraton 

in plae a vtal necessity fhgh accuracy is requred. Palmer-Bowlus 
type 

flumes are very popular150 
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overall. They can be used as portable as well as xed devces in 
manyinstances, 

are relatively inexpensive, and can handle solds in the flowwithout 
great difficulty.All 

point velocity measuring devices have been lumped together in theurrent 
meter category. In the hands of a highly experienced operator,good 

results an be obtained (the onverse is also true, unfortunately),and they 
are often used to calibrate primary devices in place or forgeneral 

survey work. They are generally not suited for uattended op¬eration 
in storm and combined sewer flows, 

however.Electromagnetic 

flowmeters show considerable promise where pressurizedflow is 
asured as do closed pipe acoustic devices. Neither can beconsidered 

portable if one requires that the acoustic sensors bewetted, a 
recommended pratie for most wastewater applications.Open flow 

nozzles and sharp-rested weirs are often used where the re¬quired head 
drop is available. Weirs will require frequent cleaningand are best 

used as temporary installations for calibration purposes.low tubes and 
Venturis are only suitable for pressurized flow sitessuch as might 

be encountered, for example, at the entrance to treat¬ment 
plant.Trajectory 

coordinate 
tehniques, such as the California pipe or methods, require a 

pipe discharging freely into the atmosphere withsufficient drop to 
allow a reasonably accurate vertical measurement tobe made, a situation 

not often encountered in storm or combined sewers.Slope area methods, 
as explained earlier, mut generally be consideredas produing estimates 

only and, consequently should be considered asthe choce of last resort 
(despite their apparent popularity)153 



SECTION 

VIIREVIEW 
OF COMMERCALLY AVAILABLE EQUIPMENTTh 

number of commercial fir that offer flow measuring or relatedequipment 
n the market place toda is large. Even henattention is limited 

to devices intended for liquid thenumber i still extremely large, 
probably well in excess of two hundred.Many maufacturers offer ore than 

one type of primary device (and thesetypically numerous model), and when 
combined with secondary devicechoices, the possible number s vrtually 
overwhelming. Thus, copletecoverage In document of this sort is 

Imposible.The intent of ths section is not, therefore, 

to provide a completecatalog which lists all manufacturers and 
disusses all ther offer¬ngs. Rather an attempt has ben made to select 

a large enough samplng of firs and products and describe each of 
these brefy but Inenough detail to allow the reader to appreciate the 

actual Implementation of the generic flow measurement methods discussed 
in Section V.In accomplishing this, well over 120 manufacturer were 

contactedregarding product lines which might be recommended or 
application tothe measurement of sewer flows. These frms ranged from 

very large,well known manufacturers that have offered a wide range 
of flow meas¬uring equipment for wer a century to relatively sall 

organiationswith a limited product line which has only recently ben 
introduced.Devices were included which either illutrated one of the 
generic 

flowmeasurement methods or appeared to ebody ome novel or 
interetingimplementation or variation. Even at that, there have undoubtedlybeen 

omission, and some manufacturers of appliable equipment may 
havebeen overlooked. For ths the writers wish to apologze and urge anyfirm 

that feel it has equipment suitable for sewer flow meaurement(or 
has refned or Improved Its products) to communicate th informa¬tion 
to them so that it might be included in any posible future updateof 

this work.The common format that has been followed n describing the 
commerciallyavailable 

equipment Is straightforward and needs no explanation. However, a 
few omments on the information presented are needed. All in¬formaton 

for a partcular pece of equipment, includng specifcatons,special clams 
for it, etc. has been taken from material suppled byIts manufacturer In 
the form of descriptive broures, specfcatiosheets, technical user 

manuals, private correspondence, etc.It was not possible for the 
writers 

to verify or authenticate any oftis Information, o it must be acepted 
as manufacturer's cla only,A coment on pries must also be ade. 

Many manufacturer prefer toquote on an application basis. In view of tis 

and the general economi54 



conditions at the time of ths writing (Fall 1974), prices where 
givenshould 

be considered approximations and should be verified with 
theparticular manufacturer before using, even for general budgetary 

purposes. 
For eample, one manufacturer who was contated had just received 

a 25 percet increase from his forging contractor and could nottell 
what overall effect this would have on his prices; many suppliersare 

quotng prices on a delivery basis; etc. Because of this situ¬ation, 
attempts to obtain pricing information were curtaled; thus,some 

manufacturer products have no prices given,All 

illustrations 
in this setion were taken from photographs, bro¬chures, or 

other material provided by the respective manufacturers,and deep 
appreciation for permission to use them in this report ishereby 

acknowledged.155 
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MANUFACTURER: AMERICAN CHAIN AND CABLE COMPAN, INC. 
BRISTOL DIVISION 

CONNECTICUT 06720ELEPHONE (203) 
7564451PRODUCT LINE; 

SSTEMDESCRIPTION:The Bristol Series 

840 
Monitoring 

System is designed to measure thelevel and velocity of sewer flow 
in larger (over 1) sewer conduits.It engineered primarily for anhole 

nstallation can be positionedat exiting manholes and can be moved 
from 

oe anhole to another forthe purpose of making surveys of a sewage 
system. The monitring sys¬tem, shown in Figure A, conit of three major 

monitoraembly, probe controls, and a probe oprator or host asembly. 
Aingle, sef-cleanng probe used for both velocity and flow 

levelmeasurement. It i designed to withstand the corrosive environment ofa 
ewer sytem and the Impact o heavy objects.The velocity of the flowing 

liquid is determined by a drag-type 
primaryelement 

which is located wthin the probe assembly. A hermetically-sealed 
flexure assembly is fastened to a cylindrical "target" area andcontains 

a four-arm tran gage bridge together with the necessary compensating 
networks. As the moving stream impinges on the target area,an impact 

force is developed which is proportional to the square of thevelocity 
of the stream. The impact force causes a linear deflection ofthe flexure, 

whch is detected by the strain gage bridge. An excita¬ton voltage 
from the strain gage power supply feeds the velocitysensor. Calibration 

is suh that velocity of to ms (0 to 10 fps)correponds to 

an output signal of 0 to 20 Thus the force exertedon the target area 
is converted to an electrical output signal from thestrain gage sensor. 

This millivolt signal s then amplified (in theProbe Controls cabinet) 
to 0 to 10V which in turn, becomes the inputsignal to an electroni 
olid-tate square root extractor. quareroot extractor (also in the 

Probe Controls cabinet) convert the ignalto a voltage signal lnear with 
veloity.The level ensing device in the probe nsures that the probe is 

alwaysat a predetermined level of 
submersion 

in order to accurately easurethe stream velocty t a referene level. 
It also detects the need forprobe cleaning. An air bubbler arrangement 

is used for determiningte level of probe submersion. Thi is done 

by sensing the bubblerbackpressure. The bubbler outlet hole is 
located 

at the lower end ofthe probe adjacent to the target area of 
the velocity measuring device,in position where it is not affected 

by the veocity of the flowingliquid. Should debrs cause clogging, the 
probe has the capability ofcleaning itself. This is acomplished by uing 

the pneumatic ylinder159 





to retract the probe through a tght-fittng wiper sleeve and then 
re¬positioning it. Simultaneously, a high-pressure ar purg is drectedat,the 

velocity target area and also through the bubbler outlet hole.Normally 
the self-cleaning cycle is actuated at 

intervals.SPECIFICATIONS:Size, 

Weight 

and 
OtherPhysical 

Facts:Power 

Requirements:Sewer 

Condui 

Size:Liquid Level 

Ranges:Velocity 

MeasurementRange:Air 

Supply:Sensitivity:Typical 

Accuracy:Repeatablty:ReadoutInstallation 

Hardware:Telemetry 

Output:Size 

and weight of 

the Monitor assemblycan vary with the 
installation siterequirements. 

typical 
asebly for a1.52m (5 ft) sewer 

conduit weighs ap¬proxmately 136 kg (300 
and requres trolley of 2.44m (8 

ft) inlength.120V, 60 Hz. sngle 
phase, 30 

ampereservice.1.22 to 6.1m (4 o 20 t) 

(standard).20.32 
cm (8 in.) to full condut0 

to 3 (0 to 10 fps)Included in 

Probe Control 
cabinet.±0.64 

cm (1/4 I.) change in 
liquidlevelVelocity, 

±5%Level, ±0.64 cm (1/4 

in.)No 

measurable 
changes In velocty 

andlevel 

over a period of one year.Analog-type 
panel meters included inProbe 

Controls cabinet.OPTONSAs required.Two 
channels; one for 

velocty, 

one 
forliqud 

level. Either soldstate pulseduraton 
or varable frequency may beconsidered. 

(Plug-in space Is reserved16 



the Probe Controls cabinet for ethertype 
of telemetry circuit boards, andfor 

optional audio tone 

equipment.)PRICE:Prices 

are quoted at time of order based upon details of size, construction 
materials, etc.COMMENTS:Snce ths unit 

only 

provides 
the flow depth and velocty at about15.2 cm (6 In.) below the 

free surface calbraton of the ste wouldappear necessary In orde to 
relate these two parameters to total dis¬charge. The unit was not designed 

for smaller ppe size, I.e. nder1.22m (4 ft), and does not appear 
uitable for suh appliations.162 



ASTRO DYNAMICS SECOND AVENUENORTHWEST 
INDUSTIAL 

ARKBULINGTON, MASSACHUSETTS 
01803TELEPHONE (617) 

272-3900PRODUCT LINE: 
VOLUMETRIC 

DESCRIPTION:This company has 

developed 
a 

somewhat 
unique (patent pending) volumetrcflowmeter. Its primary element 

essentially cnsists of positve displacement (gear type) ump that l 
drven 

by a varable speed motor soas to mainain a zero pressure drop 
across 

the flowmeter. The econdaryelement Is a counter that reads pup speed 

hh is diretly related tofow. A simplfed blok dagram of the unit Is 
shown 

in gre A.Fgure A163 



The chie advantage of this approach would seem to arise from the actthat 
the slip factor whih is inhernt In all such types of volumetricflowmeters, 

greatly reduced wth a nearly ero pressure differential,At the 
present time these flowmeters have only been bult in rathersmall sizes, 

i.e., up to 577 (150 but ths is not an inherentlimtation of the 
basic design. The unit was developed to meet a re¬quirement for ccuracies 

of ±0.2 of readng and repeatability of ±0.1of reading; these have 
apparently been met. Ranges of up to 100:1 arepossble, but 15:1 is more 

typical.Units are available with 

either analog (0-10 proportional to flowrates) or dgital (pulse rate 
proportional to flow rat) outputs.Dgital panel meters to read 

totalized flow (counter) or flow rate(digtal voltmeter calibrated In 
gph) are optional at extra cost.SPECIFICATIONS:CharactertcsRange, 



MAUFACTURER:BADGER METER, 
INC.INSTRUMENT 

DIVSION4545 
WEST BROWN DEES 

ROADMILWAUKEE, 
WISCONSIN 

53223TELEPHONE 
(414) 

355-0400RODUCT 

LINE:disc 

typetotal 
PRIMARY 

DEVICES 

- FLOW TUBES, OZZLES. PARSHALL FLUMESSECONDARY DEVICES 

- METER TRANSMITTER, ELECTRONIC RECEIVERSDESCRIPTON:The 

Water Meter 

Division of Badger has manufactured nutatingwaer meters for a 
number o years. However, bcause of thesuitability ofuch 

devices for raw sewage, they wll not bein this discussion.Pimary 
DevicesFlow Tbes 

- The Instrument 

Division offers, as primary elements the "Lo-Loss" flow tubes. These 
tubes are available in widechoice of designs, materials and sizes 

and may find some applicationn wastewater flow measurement. Figure 
A hows typical "Lo-Loss"designs.PLASTIC CAST IRONFigure A165 



The chief advantage of the "Lo-Loss" design is Its extremely low 
headloss 

(laimed to be the lowest of any prmary element) even as comparedto 
a long form Venturi tube. pressue loss as a percent odifferential 

seldom exceeds 6, and values of 3% are quite common. Theavalable models 
Include both full flanged and Insert designs. Types and have manual 

vent cleaners for measurng sewage orslurres. Type is a 
single-tap, 

full-flanged model design forsewage, sludge, or fluid hgh in 

suspended solds. Avalable desgnsare shown in Fgure B.Open Flow Nozzles, 
Parshall Flumes - 

Badger Meter Inc. also offers openflow nozzles and Parshall flumes as 
primary devices.Secondar DevcesTransmtter - The 

transmitter 
(Figue ) 

Is a seondary devicedesigned for open channel flow head measurement. 
As flow varies, thetransmitter's in-stream float senses the changing 

liquid level in theprimary flow device. Through single link from a 

stainless steel mainhaft the floats motion is relayed directly to core 
which moves vertically within the transmittng coil. The coil emits a 

signal voltagein direct relation to the core position. This signal 
is 

transmitted tothe electroni receiver as discused in the description 
of he elec¬tronic receiver.Advantages of this device, when compared 
to float-cable 

instrumentswich require stilling wells, are reported to be as the 
following:• INSTALLATION ECONOMY...ion and concrete pouring formeter 

chambers are minimized. Stilling well and complexpiping 
eliminated.• MAINTENANCE ECONOMY.Clear water purge, routine 

ables, and counter 

weights also eliminated.• ACCURAC CHECK...A mechanical 
position reference is furnishedas standard 

equipment 
to provide a quick, positive calibra¬tion check.• APPLICATION 

VERSATILITY... transmitter and electronicreceiver can 
be used 

with 
Badger Meter open flow nozzles,Parshall flumes, and weirs. 
Accurate response is alsoassured with Palmer-Bowlus 

flumes, standng wave flumes,and any other device for which 
the head-discharge relation¬ship has been established 

up to float travel of 0.8m(32 n166 
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Electrni Receiver - The Badger Meter Inc. 2700 Series electronic 
re¬ceiver 

(Figure D) Is connected to the transmitter (Figure C) by 
threetransmission line (Figure E), and power (110 VAC, 60 Hz) i appliedonly 

to the receiver. An actating ignal or error voltage Is pro¬duced 
by the ovement of the transmitting core within it coil whchnbalance 
the electrical bridge. This signal is amplified to drivea two-phase 

reversble servo motor which runs at a speed proportonalto the error 
sgnal and in diretion established by the phase. Rota¬tion of the motor 

repositions the core n the receivng coil andreduces the error 
signal to zero. A a result, the electrical brdgeis restored to a 

null-balance condition. The pen Indicator pointer,and totalizer mechanisms 
are positioned multaneously when the systemis in balace; thus there 
no time delay for recycling.Receiver Style 2701 serves 

the combined unctions o recording indicating, and totalzing 
instrument; 

Style 2705 s used as a remoteindicator only.A reported by 
Badger Meter Inc. 

the 2700 eries electronic receivercan be used with a varety of 
transmtters 

for the easurement of flow,level, preure, or temperature. For the 
convenence of the operator,the receiver can be located up to 5000 

feet away from the transmtterwithout mparng calibrated acuracy (±1 of 
atual value beng meas¬ured over the range specfed for the transmtter) 

or 
speed of response.A selection of 30.5 cm (12 in.) diameter charts wth 

ether or7day rotaton, can be made from more than 500 tandards 
avalable.SPECIFICATIONSPrmary Devces• The laying length of a typcal "Lo-Loss" 

flow tube 

isroughly 2.5 
times 

the pipe diameter. Stock units are aval¬able for pipe 
diameters rangng from 7.6 to 121.9 cm (3 to48 and other 

sizes can be obtaned upon request.• Bronze, carbon or 
stainless steel, alumnum, and polyester-fiberglass are 

among 
the available construc¬tion materials.• Standard accuracies 

of ±1 are clamed (or ±0.25 whenlaboratory calibrated)• 
Rages (ee 

comparatv 
of Fgure F) of20:1 are common, and even at 50:1, 

the meter 
coeffcientdeviaton 

la only 2%.169 
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Open Flow Nozles In. 640.0024 
in. 

3.900.00Parshall 

Flumes in. 280.0024 
In. 

1.565.00Secondary 
Devices 

SeriesElectroni Recever $ 
1,150.00COMMENTS: DevicesWhere 

pressurzed 

flow s always 

present, the "Lo-Loss" flow tube couldprove to be a useful primary device 
for measurng storm or combnedsewer flows at fixed Installations, 

f proper attention i pad to thesecondary element to avoid loggng 
problems.The other prmary devces offered by Badger 

(open flow nozzles and flumes) were thoroughly discused in Secton 
VI and will notbe commented upon further here.Sea he transmtter wll 
withstand submergence, even 

though 
it willno 

longer 
operate because the float Is off scale Its 0.8meter(32-Inch) float 

travel allows t to be used wth many prmary device.As with any 
secondary devce, it suffers from the pos¬sbilty of fouling (or even 

physcal damage) from floatng debrs.The electroni sensing system ofers 
advantage over more cumbersomecable and counterweght designs.172 



MAUACTURER:PRODUCT 

LINE;DESCRIPTION:BADGER 

METER, 
INC.PRECISION RODUCTS DIVISION6116 

EAST 15 STREET 
OKLAHOMA 

74115TELEPHONE 
(918) 836-4631ULTRASONIC 

FLOWMETER;ULTRASONIC 
TRANSMITTERBadger 

Meter 

Inc. has entered into a cooperatve agreement wth Tokyo Company, LTD. 
of Japan to market (within the UntedStates) the ultrasonic 

flowmeter 
developed by the latter company.There are essentially three 

devces offered, and sales are through thePrecison Products Dvson. 
typical ultrasonc meter Installationfor full pipe flow Is shown Fgure 

A.ELECTRONIC UNIT UndirectonalUP-10 



ultrasonic flowmeter uses the propagaton of ultrasonic energyacross 
a fluid stream to determne low velocty. These devices aredesigned 

for metering raw and treated sewage and also,many Industrial 
fluids an be Model UF-100 (Undrectonal) 

and 
(Bdrectonal) Flowmeters -These are omplete ultrasonc flowmeters 

fo 
measuing full flow npipe ize of 0.3m (1 ft) and larger. These 

devices eploy a par ofultrasonic velocty probe that are strapped to the 
outsde o the pipewall. A clearance area easuring at least 1.2 (4 ft) 

greater than theppe diameter n each dimension Is required. The device 
can be in¬stalled n existing as well as new constructon and produces 

no headloss since there is nothing insde the ppelne. The veloty 
probesutlze the prncple* to measure average flud veloctywthin the pipe 

which s combined wth ppe cross-sectonal area toproduce an output sgnal 
(4-20 proportional to flow. A wdeselecton of 30.5 cm (12 In.) 

daeter charts Is avalable wth ether or 7-day rotaton. A totalier 
opton Is also available.Mdel 310A Flowmeter - This model is a complete 

open channel ultra¬sonc flowmeter that does not require the use 

of a wer, flume, or other structure. It employs a par of ultrasonc 
velocity probesand combines ther output with flow depth as measured by an 

ultrasoncdepth probe (essentially the probe o£ Model 200) and channel 
cros-secto to produce an output sgnal (4-20 mADC) proportional to 

flow.The device can be installed n exstng as well as new constructonand 
ill produce little or no head sine at most, only the smallvelocity 

probes need be in the flow. As with the Model and the velocity probe 
operate usng the prncple.Channel hapes can be ether circular 

rectangular, trapezoidal, orelliptcal. As shown in Fgure B the velocity 
probes are generallymounted n or attached to, the chanel walls at about 

25 of axmumdepth. wde selecton of charts (identcal to those for 
Models UF-100110) Is avalable, as is a totalzer option and bdrectonal 

capablity.The three probes, whch together weigh 38.6 kg (85 may 
be locatedup to 305m (1000 ft) from the electronics box, whch s a mall 

wall-mounted unit weghing 68 kg (150 Ibs) Each received sonic pulse triggers 
the transmsson o another pulseacross the flow stream In "sng-around" 
fashion. The number ofsuch pulses occurring in a onesecond perod 

Is called the sngaround frequency.174 





surfaces changes, the UH 200 produces proportonal signal (4-20 mADC)Model 
UH 210 incorporates a dgital functon generator whch allowsdrect 

and continuous conversion of the fluid level sgnal to anyspecfied 
depth-dscharge relationhp. This can be hanged thefield to allow 
use wth dfferent primary elements, A wide variety of30.5 cm (12 In.) 
dameter charts I avalable wth ether or7day 



MANUFACTURER: - UIT OF GENERAL SIGNAL1600 
DIVISION ROADWEST 
WARICK, R.. 02893TELEPHONE 

(401) 885-1000PRODUCT 

LINE:PRIMARY 

DEVICES - PARSHALL FLUME LINERS, VENTURI TUBES AND NOZZLES,DALL 
FLOW TUBES, KENISON OPEN FLOW OZLESSECONDARY 

DEVICES TRANSMITTER AND RECEIVER UNITS, PRESSURESENSORS, TOTALIZERS, 

AND NDICATORSDESCRIPTION;BIF, a 
unt 

of General 

Sgnal Corporation, ha been actve n the waterflow easurng feld for over 

100 years. Their priary fow easuringproduts include such devices as 

Parshall flume liners, the recentlydeveloped Unversal ventur tube 
which 

has largely replaced ther Dallflow tubes, and Kennison open flow 
nozzle. BIF also offer the SoldsBearng luds System, which is reported 

to provdeprecse, hghly senstive detection of differental pressures 
createdby niversal Ventur Tube when the measured flud Is hgh n 

uspendedsolids, 
secondary unt are represented by several transmitterand recever 

units 

for Indcating flow depths In primary devices. Flume Lner precion-molded, 
onepiece platcParshall flume lner, Model 141, is sad to 

acurately 
duplcate Parshallflume proportions. It Is lghtweght and 

can be easly installed wth¬out the aid of a crane o specal tools; there are 
also no seams requirng specal cements or sealing compounds. BIF plastic 

Parshallflume lner Mdel 141 Is available In throat width sizes 
ranging from7.62 cm (3 n.) to 2.44m (8 ft) to accommodate flow rates 

ranging rom75.7 kd (-02 to 341,255 (90.16 mgd) Parshall flumes 
werethroughly treated In Seton VI and wll not be discussed further 

here.Universal 
Venturi Tube - BIF has developed a proprietary, 

differental-presure 
prmary devce tat combnes the metering performance of 

theclassical 

venturi tube with some of the more desirable features of dif¬ferental 
pressure devces such as the Dall flow tube. It offers extremely 

short laying length (ess than half that of a short formclassical venturi 
tube) a great magnficaton of the differentialpressure signal (about 
twce tha of classial Venturs), and low permanent head loss (aost 
as lttle as a Dall tube) The advantagesoffered by the Universal 

Venturi Tube are due to its nque hydraulicdesign, especially fro the 
inlet to the throat tap (see Figure A),177 



that "condtions the flow by creatng a consstent artfcal tur¬bulence 
In the throat flow pattern so that readings are stable andpredctable. 

No blendng rad are used, so flow separation andstreamlne 
bendng are employed as in the Dall tube.Figure AThe 



and dgested sludge, fnal effluent, and trade wastes. The KennsonNozzle 
is constructed of hgh tensle cast Iron. The pezometer ventopenng 

Is bushed n brass and Is equpped wth a bronzemounted anualvent cleaner, 
rated vent cleaning can also be usedwhere the nozzl is installed 

in inaccessble place. The nozle iavalable n inlet diameters of 15.2 
to 91.4 cm (6 to 36 In.) and wllaccommodate flows of 340 to 53,000 

(90 to 14,000 accuracies of ±2% for a range of 10:1, ±3 
for 

a range of15:1, and ±5% for range of 20:1 have been demonstrated. 
Speciallaboratory alibraton will assure accuracy withn ±1% of actual 

flowfor a range of 20:1. A rate indcator s avalable for usewith 
the nozzle to provde vsual evdence of nstantaneou rate oflow* This 
Indcator can be graduated in gpm, or mgd as well asInches of 

head.Solds 
Barn Flud System - As shown In Fgure Bthe SB system bult 

around 
ombinaton 

of components — theprmary element, a Unversal Ventur Tube Model 185 
(center); twopressure sensng probes (upper rght); and a 

differental 
pressuretransmitter (lower left) All of these components may be 

purchased indivdally. Clam made for this system Include:• No electrical 
components are In contact wth lne flud.• Water purgng is elmnated.• 
No circut foulng or drft occur.Instrumentation 

lnes cannot be fouled by solds orentrained gases.• System 

Is unaffected by changes n 

static 
lne pressure.• Sensors can be 

removed while lne i in servce.• System provides hghly 
senstve detecton 

of flow sgnalsproduced by the ventur tube.• All readings 

an be verfied by a mple manometer.The above is 

accomplished by the direct oneto-one transfer of pressurethrough 
a lmp daphragm which is 

held 
at a precie null position,regardless of the 

magntude 

of the measured pressure, by a pure sliconflud pressurzed by a 
minature 

hydraulc gear pump. The lqud ldelivered contnuously through a 
flter to the probes at a presureconistent with line pressure, and 

exhaust 
luid is fed bak to the179 
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Manometer New 

System has 
no 

electrca probes 
elimnats open type pressure 

laps to coggng. uses live" lqud filled nul sensors hat 
fit flush to th to transmt dfferential pressure 

snlsto 

ntruments.Fgure 

B180 



pump reservoir. Due to the reset action provded by the 
supply-exhaustregulator 

unt associated with each probe, sensng daphragm movementi 
lmited to less than 0,03mm (0.001 In The center button of thediaphragm 

arres one end of an armature, the end of whch ssupported and entered 
by a spiral-spring earng. The end of thearmature acts as a 

baffle 
and floats close to the nozzle, regulatngexhaust of the fluid 

from 
the probe to the exhaust pressure regulator.This probe system Is 

hghly 
responsive to rapd pressure changes,essentally behavng like a 

system.Transmtter Unt - BIF manufactures several 

secondary transmtterunt. The Model 231-08 Is a float atuated, 
freestanding, 

weatherproof Chronoflo transmtterindicator mounted in a 
waterproof 

standfor level Indication at its locaton. It also transmits 
readngs to recevers for remote Indcatng and recordng. The remotesgnal 

line requirements can be met by leased signal facilities equi¬valent 
to low frequency telegraph channel capable of repeatng tmeduration 

Impulse closures or prvate metallic par wth mammloop resistance 
not to exceed 2500 ohms.The BIF Chronoflo Model 231-09, used for 

flow rate determnation, isidentcal to 

the 
Model 231-08 in appearance, weight, and signal lneand power 

requrements. Both are desgned for stllng well operaton.The BI Chronoflo 
Model 231-34 Is an in-stream, float-operated elec¬trcal tranmitter 
desgned 

especially for use with head-area prmaryflow measurng elements 
such as flumes, Kennison nozzles,weirs, and other open flow primary 

devces Ths transmitter operateswth equal faclity over telephone or 
tletype lnes, telegraph cir¬cuts, private signal lnes, tone or microwave 

links. The unit con¬ssts of the transmtter, ndcaor (optional 
extra), 

a spherical,truncated float manufactured of platic, and 
nylon-coaed,stanlss steel loat cable.The Model 251-08 electronic 

dfferential pressure tranmtter s acompact transducer desgned to 
translate 

a dfferental pressure 

Intoa DC current ignal and degned to work with the flow 
meteringtubes 

only.Mscellaneous - BIF also manufactures a lne of pressure 
sensors andChronoflo receivers, recorders, and totalizer unitsor use 

with 
the 

prmary 

and secondary units described above.The SBF systems recording devce 
is BIFs elecronc recever and iavalable in ether strp or round chart, 

compact or full case models.The eletronic receiver will accept 

both 4-20 and 1-5 volt signals.181 



SPECIFICATIONS:Typcal 

specfcatons for the BIF lne of secondary devices are as 
follows:Model 231-08 

TranstterAccuracy: 
±0.5 fo a 

range of 100:1Dmensons: 143.5 cm 

(56-1/2 
In.) height wth abase dmenson of 481/4 by 

31 cm(19 x 12-1/4 InWeght: 136 
kg 

(300 Power: 115 

VAC, 60 Hz 6 wattsMdel 

231-09 TransmitterStandard 

Accuracy: 
±05 of maxmum 

rate,Extended 
Accuracy: ±1% of actual 

readng.Range: 
10:1 for a maximum float travel 

of12.7 cm (5 in.) to 30.48 cm (12 In20:1 
for float travel of30.48 cm (12 In.) 

to 76.2 (30 inModel 231-34 
TransmtterStandard/Extended Accuracy: 

±2/0.5 

of maxmum Instrumen 

readng.Range: 10:1 for maximum float travels from12.7 to 30.5 cm (5 

to 12 in20:1 for aximum loat travels over30.5 
cm (12 except on 

applica¬ton 

th Parshall flumes or Kennsonnozzles 
whee head at maxmum rate sless 

than 2.5 c (1 In.) for maximumfloat 
travels up to 45.7 m (18 ior 3.81 cm 

(1.5 
n.) for maxmum floattravels over 

45.7 cm (18 InDimensions: loat - 15.24 
cm (6 n.) Cable - 0.09 cm (0.035 In.) 

da.182 



Power: 115 VAC, 60 Hz, Single 
hasePRCES 

Standard 
pces not available at te tme of ths 

wrtng.COMMENTSParshall 

flumes 
and Kennson open flow nozzles were dscussed fully InSection VI and 

will not be commented upon further here. The Unversal Tube would 
appear 

to be one of the better differential-pressuretype prmary devices for 
use with sewage. Its requirements for fullpipe flow and small range 

(5:1) may limit t applcation, however.The pressure probes used n 
the would seem useul for otherdfferental-pressure devces and 

can be purchased separately. Theycould be used with existing diferential 
pressure devices where lnepluggng or other problems have been 

hgh and maintenance troublesome.183 



CORPORATIONA COMPAY OF IDUSTRIES, 
INC.MARION, MSSACHSETTS 02738TELEPHONE 

(617) 7481085PRODUCT 
LINE: CURRENT 

METERSDESCRIPTION:The 
Corporation 

produces 
two 

basic 

type of prmary urrentmeters. The type 381 and 1381 Histogram current 
meters utlize 2/3 andfull sze rotors, respectively, and record 

current rates on16 mm film by taking tme exposures of rado-lumnous 
senor 

Indcators. mantans complete processng and data translation faciltes.These 
current meters will not be disussed further snce applcaton nthe 

measurement of wastewater flow rates Is Inapproprate. has developed a Mode 
720 electromagnetic current meter thatis capable of 

monitorng 
flows between 0 to 2 m/s (6.6 fps). It usesan orthogonal array 

of four electrodes In the sensor head to presentinstantaneous readings 
of the components of the flow Theoutput voltage varies lnearly 

with the velocty of the flud flow overthe sensor head. The Model 
720 meter tilizes an oblate form (disus) probe that efficently preerves 

laminar low over agenerous range of advere condtons Of interest I 
its superior per¬formance Improvement over historally accepted 

mechanical transducerssuch as the Savonlus rotor Also noteworthy are the 
total freedom fromany mechancal designs; the use of a sold state 

magnetometerrather than a conventional compass; Its hgh resstance to 
foulng;lower 

meaningful measuring thresholds; the use of Cartesan coordnatesrather 
than polar; Instantaneous readout of N-S, E-W vector 

components;high 
senstvty to the physal environment; a fathfu cosne response;and 

less applcaton dependency n critical wavezone effect areas.The 720 
current meter an be used with a varety of readout devices ifthe proper 
Interface 

Is provded. Lengths of electrcal cable up toapproximately 30m 

(100 ft) are provded as standard equpment wth theModel 720, wth addtional 
lengths available.SPECIFICATIONS OutputAccuracy:Threshold:±2 

full scale (other rangesavalable)±1.5 cm (0.6 .)/sec or 2% of fullscale 
2 cm (0.78 n.)sec184 



Resolution: 0.5 m (0.2 .)/secPower: 

24 ± 
Operating 

Temperature: -2°C (28°F) to 40°C (04°F)Length: 

107.6 cm (42.35 In.)Diameter: 

20.3 cm (8 In maximumWeght 23 
kg 

(50 PRICE; Standard 

surface readout model: $5,000Deep-water 
longterm 

Implant model: $8,000COMMENTSThs 
electromagnet 

current meter was designed for ap¬plications, but may find some use 
as 

a portable current meter forattended operation in measurng 
wastewater lows. Its low upper veloc¬ty lmt will severely restrict its use, 

however.85 



BROOKS DIVISIONEERSON ELECTRIC COMPAY407 
WEST VINE STREET 

PENNSYLVANIA 
1940TELEPHONE 

(215) 247-2366PRODUCT LINE: 
VARIABLE-AREA 

FLOWMETERS, 

TURBINE FLOWMETERS, POSITIVEDISPLACEMENT FLOWMETERS PROPELLER 
METERS LIQUID LEVELINSTRUMENTS, ELECTROMAGNETIC FLOWMETERS, 

ETC.DESCRIPTION:Brooks manufactures a 

complete 
line 

of glass and metal meterng tubevariable-area flowmeters in szes to 
12,000 (3,200 gpm)and prced from $50 to $6,000. number of pneumatc or 

electrc trans¬mtters recevers, alarms, etc. are available as accessories. 
ofthese is consdered suitable for wastewater flow measurement 

and,consequently, no further discusson of them wll be gven, DevcesBrooks 
turbine flowmeters are manufactured in six dfferent 

series 
foruse In 

variou type o servce, inluding chemical, cryogenc, aircrat fueling, and 
petroleum pipeline, etc. Range of 10:1 are tand¬ard, and accuracie 

as great as ±0.15% (with repeatablty within0.015%) are avalable with 
the Seres M vicoity-compenated turbnemeters. Prices range rom $340 

to $13,800, Brooks also offers a com¬plete line of accesories including 
indcators, totalizers, prnters,etc.Brooks manufactures nutatng 

dsc, oval gear, oscillatng pston, and type postive displacement meter 

In 

various models and szesall of which are desgned for clean fluid service 
only. The same strue of ther bulk water propeller meters. Snce ther 

applcaton towastewater flows is not recommended, they wll not be 
descrbedfurther.The Series 7100-7200 electromagnetic flow transmtters 

manufactured byBrooks are solid state flow rate sensng elements. 
A typical 

unit isdepicted in gure A. They are designed to wthstand tough 
servceapplicatons such as corrosve, humd and dirty envronmental condi¬tions, 

wide variations in temperatures and high vbraton loads. 
Alladjustment are precise and are made externally; once set, there Is 

nochange. 
The threeelectrode design is mmune to hanges n conduc¬tivity of 

the liquid. The transmitter utilizes an integral type preamplfer 
converter) to provide a low Impedanceoutput signal to permit ong length 

of interconnectng cable without186 





materal, and varous line aterials such as gum rubber, etc., are 
avalable. Among-the unts other designfeatures are:• LOW POWER 

CONSUMPTION - 
yet 

has hgh rato; can operate empty with power on.• LOW 
INSTALLATION COST - only a ingle condut 

betweentransmtter and signal converter.• SEALED METER 
HOUSING - weather coilswhich 

are 

mounted (for easy serviceablty) on outsideof flow tube. 
Meets 4 specifications. Submersbledesign optional.• 

POSITIVE ZERO RETURN optonal zero level locking 
circutactuated by 

remote 

contact. Holds output sgnal at zeroflow rate value.• 
UNAFFECTED CHANGES n conductvity, temperature,pressure, 

density, and 

viscosty.• ADJUSTABLE FLOW RANGES - full scae deflecton 
can beeasily set for any flow 

rate 

wthn the lmts of thetransmter.• IMMUNIT TO STRAY 
VOLTAGES 

DUE TO UNIQUE ELECTRODEBALANCE SYSTEM - elminates 
the need 

for 
adjustments. LONG CABLE LENGTH - dstance between 

tranmtter andsigna onverter i not limited by the 

conductvity 
othe liqud.• ELECTRODE CLEANERS - optional 

ultrasonc or mechancalscraper in only complete lne of 
cleaners 

available,Cleaners 
prevent accumulaton of matter on 

transmtterelectrodes 
whch could affect metering accuracy. 

PROTECTIVE 
SHIELD/GROUNDING RING (optonal) preventsdamage 

to meter lnng materials when handlng abrasiveand 

solds-bearng liquids.Where It is not desired to timeshare 
one sgnal converter wth severalelectromagnetic flow 

transmtters Models 
7700-7800 

are avalable.These models are essentally a Model 7100-7200 flow 
transmtter wthan Integrallymounted signal converter. Figure B depcts 

typcalconfigurations.188 
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Secondary 
DevcesSgnal 

Coverters - Series 7300 Signal Converters are all sold 
stateInstruments 

which reeive the electrical output gnals that arelnear 
with 

flow rate. There are no servo motors, balancng or other components 
that can wear out. The Brooks Model 7300 SeresSgnal Converter amplfes 

and converts the AC output signal from the into a DC sgnal. Snce the 
DC signal is drectly propor¬tonal to the lquid flw rate, t s used 
to drive a meter on thesignal converter that Indicates percent 

of 
flow. The DC sgnalcan be adjusted for varous operatng ranges, and can 

be 
used wth In¬dcators, controllers, recorders ad systems that requre 

dretcurret Inputs for operaton.The AC flow rate signal from the 
flowhead oupled into an 

Impedanceconverter 
havng an nput Impedance of approximately 2000 Thesignal 

Is amplified, converted to DC, and coupled to a dvder. Smi¬larly, the 
reference voltage from the flowhead Is converted to DCamplfed, and 

coupled, n the proper sense, to th dvder. A con¬stant DC multipler 
gnal (factory I coupled to the dvderfor scaling purposes. The 

specific functon of the divdng featureis to produce a ratio between the 
sgnal and reference voltages forall specfed flow rates. Fluctuatons 

of prmary power causes pro¬portonal fluctuatons of both sgnal and 
reference voltages. Therefore, by mantaning the ratio constant for 

a given flow rate, theprmary power fluctuatons are Ignored. The computed 
output signal Isthen conditioned as required and transmtted to 

the users recevingdevcesSeres 7400 Sgnal Converters are all solid 
state 

devices which receivethe electrical outputs from Brooks 
electromagnetic 

flowmeters and convert thee outputs o electrcal output sgnals that are 
linearwith flow rate. The snal converters are Integrated unts o 

modulardesign capable of high system accuracy with a of components,The Brooks 
Model 7400 Series Signal Converter amplfies and convertsthe AC 

output 
sgnal from the flowhead nto a DC sgnal, or a pneumatcsignal. Snce 

the sgnal is drectly proportional to the lquid flowrate, the meter 
on 

the sgnal converter drectly Indicates prcent ofmaximum flow. The output 
sgnal can be adjusted for various operatingranges and can be used 

with Indcators, ontrollers, recorders andsystems that requre DC or 
pneumatic Inputs for operation.The electrical output from the electrodes 

In the flowmeter is amplifedby a hgh Impedance preamplfer. Ths 
gnal s combned wth areference sgnal and then fed to a 

servoamplfer 
whch In turn,powers a ervomotor. The ervomotor drves totally 

enclosed slide-wire to achieve a true null-balance by balancing 
a reference voltage190 



(fed through the aganst the ignal voltage. In additon,the servo-motor 
operates the ponter which Indcates flow rate, andalso rotates the 

cam which actuates the pneumatic transmitter orIntegrator.Design 
eatures 

comon to both the Series 7300 and 7400 sgnal con¬verters Include:• 

HIGH ACCURACY - 

Standard accuracy is ±0.5% full scaleoutput.• COMPLETE 

- All 

units Iterchangeablewth each other and with other sgnal 
converters fromBrooksSUMMAR OF SIGNAL 



• MLTIPLEXING One signal converter can be tme shared wtheveral 
flowmeters,• 

LEAD 

LENGTH - Signal Is not affected by lead lngth.• 
MINIMUM 

INSTALLATION COST - Only one condut Is requiredbetween 
flowmeter and sgnal converter.• 

MULTIPLE 

RANGE range selecton avalable,or tenturn potentometer 
mounted on printed crcutboard (optional)• SERVICEABILITY 

- Chasss 
may 

be pulled out for inspectionwthout shuttng down flow or 
interruptng output.• MOUNTING Cases available for 

flush panel, wall or ppe-tand mounting. Cases available n 
standard, weather¬proof, or explosion proof 

construction.Contnuous Level Measrement and 
Control 

Systems - The Brooks Maglnk"lquid leel sytem was pecially desgned 
for ue in pressurzed tanksor In open vessels In chemcal servce, where 

severe 
condtions ofcorroson, temperature, and pressure may occur. All 

parts in ontactwth the liqud are made from stanless steel, plastic, 
or specalmaterials, thu enabling the equipment to be used for 

most 
applica¬tons in the chemcal ood, and alled Industries such as 

gases, acids, etc; The Maglink" magnetc system has a sufficentlystrong 
coupling to wthstand even the most severe flutuations inlqud level 
within the tank. The nt is schematically illustratedin Figure 

C.Any change in liquid level moves the float which contais an 
annularmagnet. 

The 

float traverses a sealed gude tube. The flux linkagebetween the float 
magnet and the tape magnet- wthin the tube transmitsthe movement 
via the tape, to the indcatng mechansm in the head.Backlash the indcator 

mechansm is completely elmnated by meansof a ontant torqu 
spring, 

whch alo erves as a takeup devce forthe tape and compensates for 
the weight of the magnet. The densty ofthe lqud is by the range of 

floats available. Designfeatures of the unit Include:• Sealed system - 
for pressure or vacuum service Materal of construction for corrosive 

service• Hgh accuracy• No 

calibraton required192 





Typcal float desgns are as follows: I 



• Materals Contruction include:Gude 

Tubes andMountng 
lange - 316 Polypropylene, PVCOptional: 

Ion-covered SSFoats - Std 316 
SS, 

Polypropylene, PVCOptional: Glass, Cases 
- Diecast Alum. 

(with 
transmitter or switch)Rigid cover & fberglass 

housng• RangesDials Any range from 0 to 2 t 
to 0 

to 
36 ft 

(max.) - Any range from 0 to 2 ft (min.) to 0 to 16 ft (max.)• 

Scales:Standard Graduated n ft in or mm.Specal Graduated in 
unts 

of 
weight 
or volumeof materal• 

Performance:Senstvty 
-All units below 5.5m (18 ft) loat 

movement 
±1.6 

mm (1/16 
In.)All 

units 
5.5 

to 10.9m (18 to 36 ft) - float movement ±3.2 m(1/8 In.)Accuracy 

±0.5 of max. indcated depthPRICES"Brooks-Mag" "Brooks-Mag" 
Sgnal 

Converters"Magln" Liquid Level 

SystemsCOMMENTS$800-$17,000$6012,000$200200Electromagnetc 

flowmeters 

were dscussed Seton VI 
andno 

further 

comment 
wll 

be made 
here. 

The 

"Maglnk" 

lquid level systemcould find some applcaton as secondary device 

In conjuncton withflues and weirs, especally In dffcult stes. All Brooks 
equpmentoutputs are computercompatble either as standard desgn or 

opton.195 



MAUACTUER: CONTROLOTRON CORPORATION176 
CONTROL AVENUE L.I 

NEW ORK 11735TELEPHONE (516) 
249-4400PRODUCT LINE; 

ULTRASONIC 
DESCRIPTION: Corporation 

manufactures 

the 

Seres 240 clamp-on ultra¬sonic flowmeter conssting of both prmary 
clampon unt and asecondary flow dsplay computer and readout 

unt 
for use wth ppesizes rom 2.54 to 152.4 cm (1 to 60 in.) In 

diameter. 
The acoustictechnique employed is Independent of liqud temperature 

vscosty,turbulence, etc. The smple clampon installation requires 
no calbra¬tion or cutting of metal and can be performed by non-techncal 

person¬nel. The Seres 240 transducer conssts of a transmtter and 
receveruni postoned on opposte des of the ppe. The transmitter, 

con¬trolled 
by the flow dsplay computer injects an ultrasonic sound 

beamInto 
the liquid through the ppe wall. The sound beam Impnges on thereceiver 

after pasing through the lqud and the ppe wall adjacentto the 
receiver. the liqud is lowng In the drection of thesound beam, the 

apparent speed o sound in the lquid is Increased(or decreased If 
flowng opposte to the sound bea).The ppe constructon and the type 
lqud wthin determine whether ornot the Seres 240 

ultrasonc 

flowmeter is suitable for a partcularapplcaton. Controlotron wll 
test 0.24 (8 saples of th lquidand samples of the pipe at no cost 

to the ser to determine sutabilty,Applcatons for which clamp-on models 
are not recommended byControlotron Include ppes made of cast ron or any 
other materal wthan irregular exterior or on ppes wth linings 

that would attenuatethe acoustic signal. Insert transducers are used 
for ths type ofservice These are smilar to the transducers that are 

used for opentream or channel meaurement, and are made to order 
based upon theapplcaton specificatons. Controlotron does not recommend 

use ofultrasonic velocty measurement device ± liquids that are 
high n solds or gases, e.g. slurries of sand-like particles,foams, 

or other aerated lquids, etc. Very rapd (less than 60 seconds)changes 
In lqud characteristcs (that would change its sonc velocity)wll 

result in temporary selfcalibraton falure and erroneousreadingsSPECIFICATIONSFlow 
Range; 0-9.1 m/s (0-30 fps)Resolution: 0.0015 ms (0.005 fps)196 



Accuracy: From ±0.25 to ±2, wth ±1 of FullScale 
Readng noinal. Larger sesare more 

accurate, and Controlotronwill quote 
expected accuracy for agiven 

application. 
±0.05Indcation: 

Standard 
3-1/2 

DigitsOutputs; Digital 
BCDOptional 

- Analog 0-10V, 

420 mADCTotalzer - 6 DigitsAlarm 

- H and Flow 
AlarmPower: 

115/230 VAC, 50-60 Hz, 75 

wattsDimensons:Transducer - L Pipe 15.24 

cm (6 In.) 

Flow Dsplay - 25.4x33.0x38.1 cm (10x13x15 in.)Counter 

- 20.3x30.4x35.6 cm (8x12x14 in.)PRCE: Starts 

at approxately $2,000 for a25.4 cm (1 
in.) 

pipe.COMMENTS:The equpment is factory 
calbrated either with 

water 
or 

the 

Intendedlqud, as appropriate. Ths s for fully developed flows wth 
Reynoldsnumbers exceedn 10,000. It can be calbrated for any flow 

Includinglaminar, 
and Controlotron reports that models wth flow rangefactors 

and tracking of flow profle through the laminar flow regionwill soon 
be available. A zero offset adjustment may be required uponinstallaton. 

Experence in meterng raw sewage with this equpment Islmited at 
ths tme and no defnite statements about its suitabilitycan be made. The 

manufactrer Is expanding t product line and addngnew features that 
may well Increase the likelhood of ther successfuluse as flowmeters for 

storm and combined sewer dscharges (but not nthe clamp-on configuration 
for most Installatons). An acoustic levelgage that could be used 

wth number of prmary devices such as wersand flumes s also under 
development.197 



MANUFACURER; CO INSTRUMENDIVISION 
OF LNCH CORPORATION15300 

DETROIT, 
MICHIGAN 

48227TELEPHONE (313) 
8385780PODCT LINE: 

VARIABLE 
AREA FLOWMETERS; TURBINE FLOWMETERS;FLOW NOZZLES; 

FLOW 
INDICATORSDESCRIPTION:Prmary 

DeviceCox 

Instrument has 

long been recognized as a manufaturer of prec¬son flow measurng 
equipment, especally as related to fuel, olgas, and Industral process 

flud flows. The ompany proudly claimsthat "over 95 of the world 
commercially-bult lqud flowmetercalibrators now use were degned 

and fabricated by Cox Intrument."Ths includes one presently beng ued by 
the Natonal Bureau ofStandards. Cox has also produced custom 

desgns and systems forspeal applcatons.The company offers a wde 

line of varable-area 

flowmeters. Such devices are not consdered at all suitable for storm 

or combned sewerapplcation and hence, will not be dicused. Cox alo 

has a verywide lne of turbe meter; capacties range from 0.00044 to 
1770 I/(0.000016 to 62 cfs), with accuraces to 0.05 o readng availableand 

response tmes better than 50 mlliseconds. Oe of these typialturbine 
meters is shown n Fgure A, whch also Indicates some of 

thedstnguishing 
features of a Cox turbne. Turbne flowmeters are notconsdered 

sutable for most sewer flows and will ot be dscussedfurtherCox also 
makes a flowmeter called the which, it clamedpresents a new 

concept 
to 

the field of industral flow measurement.It uses the principle of 
variable reluctance: a sprng-loaded, forcebalance spool s dsplaced 
In a magnetc feld by the force of fludflow. Ths changes the ouplng In 

an external crcuit. Because thespool Is displaced n contoured 
cros-section, the quare root isextracted automatically, resulting In a 

linear output. The advantagesto thi approach are bi-directional 
output; unrestricted mountng pos¬tion; In-lne Installation; and low 

maintenance operaton. The VR-30Is said to handle corrosve, toxc, contaminated, 
or volatile fludsor slurres, at pressure to 3,000 and temperatures 

to 121°C(250F). It is accurate to ±2% of full scale. Prces start 
at under$300, omplete with remote indcator. The VR-30 may also 

be purchasedwith a more sophticated readout device for analog and 
pulse output,provding for continuous process control or direct computer 

nput.198 



Flow straghnng desgn oprecs 
that stragtnng is rarely 

necessary.Pressure oss Is 
Insgnficant.Confguaton of rotor bldes 

isdesgned to meet exactly 
therequirments of meter and 

tspplcaton provdng hghrspons, 
accuracy, and lnearty.Precision 
bal bearngs allow therotor to mov 



This devce may have some wastewater applicatons, but Is not consderedwell 

suted for most storm or combned sewer flow meaurements Itwll not 
be 

dscussed urther.Cox 
manufactures 

twenty standard sizes of flow nozzles (Figure B) ntwo seres wth 

bore dameters ranging from 0.3 to 22.9 cm (0.128 to9 n The standard 

approach to bore dameter rato s 3:1, but theFigure Blarger szes are 

avalable 

on 

request 

In 

a 

2:1 ratio. 
Cox 

nozzles 

areavailable 

ether 

calbrated 

or 

Nozzles 

are 

calbratedby 
usng 

a 

postve 
dplacement 

tank 

a 

standard 

Master"orfice, 

or 

both. 
Pressure 

differential 

across 

the 

nozzle 

ie 

deter¬mined 

by 

using 

a 

accurate 

to 

0.005 

cm 

(0.002 

in.) 

ofwater. 

Standard 

calbraton 

is 

to 

wthn 

±1.0%. 

Wth 

albratednozzles, 

a 

curve 

of 

"Dfferental 

Pressure 

versus 

Flow 

Rate" 

(basedon 

14.7 

and 

70°F) 

Is 

suppled 

wth 

a 

copy 

of 

actual 

calbratondata 

and 

correction 

factor 

determnations. 

Calibration 

at 

other 

thanthe 

standard 

condtion 

noted 
can 

be 
obtaned 

on 
specal 

order. 

Flownozzles 

were 

thoroughly 

discussed 

in 

Section 

VI 

and 

wll 

not 

be 
commened 

on 

again here.Secondary 

DevicesIn 

addition 

to 

turbne 

meter 

signal 

condtons 
and 

display 

Cox 

manu¬factures 

a 

nuber of basic electronic 
modules 

for signal 

condtionng,conversion, 

display, etc., 

that 

ould 

be 

used 

as 
"buildng 

blocks" 

nassembling 

a 

custom 

system. 

One 

such 

unt 

will 

be 

described 

as 
anexample, but 

such 

basc 

components 

lie 

outsde 

the general 

scope 

ofthis wrtng.200 



Cox Varable Time Base P1B Usng Integrated crcuit (1C) techniques,the 
FIB module provdes sgnal conditoning of low level AC sgnalsfor nput 

t counters. The P1B ay be used to increase the flexbltyof almost any 
counter urrently made. It Is not to Coxbuiltequipment, and will 

Interface with most major manufacturers counters.In addition to signal 
amplication and conditoning, the P1B moduleprovides gate, reet, and 

dsplay control of ancllar counters. Thevarable tme base (gate ontrol) 
is a direct settng digital selector.A four dgit me base selector permits 

selecton of 0.000-10.000 sec¬onds gatng tme In steps of 0.001 seconds. 
The tme base affords aneasy means of displaying the frequency 

output 
of a transducer In directreading units GPM, The P1B may be used 

with Cox P3A counter for the direct display of frequency signal n 
engneeringunits. Turbne meters podue frequency proportonal to 

flowrate.By preselecting appropriate gate time, the display is In GPM 
units,Desgn features include: Advanced 1C desgn employed.• 

(transistor-transstor 
logc) asure 

superor noseImmunty.• Desgned 

for compatiblty with pulse transducers presentor future.Standard 

hgh 

sensitivty (3 elimnates need for nter¬medate transducer 

amplification.• 

Short circut protection aganst both Installation 
errorand 

ancllary equpment falure.201 



MANUFACTURER: USHING ENGINEERING 
INC.3364 

COMMERCIAL AVENUE 
ILLINOIS 60062TELEPHONE 

(312) 564-0500PRODUCT LINE: 

ELECTROMAGNETC ATER CURRENT METERDESCRIPTION:The 

Sere 600 

an electromagnetic water curret devce Idesigned to measure flow 
veloity 

in oceans, stream, rvers, estuariesaqueducts sewers etc. Operatonal 
features include no oving parts,zero threshold, fast response tmes, 

cosine response, specal noiserejecton crcutry, lnear output and 
coatng.The meter conssts of a flow sensor connected to signal 

converter bymeans of cable and Is ofered In several confguratons. 
These In¬clude an explosonproof housng, 4 (weatherproof) housing, 

port¬able housng, rack-mounted panel, and kt form for the converter unit;60-Hz 
or battery power; flange connecton (with No-Foul protection)type 

sensor; or streamlned type sensor (for use when flow drectonIs 
known)The sensor produces a flowgenerated voltage of approximately20 

MV 
per 0.3 

m/s (1 fps) of flow velocity. The enso electro¬magnet requires a 
constant 

current drive, which is provded bythe signal converter. The 
converter accepts the flow-generated voltagefrom the sensor ampliies 

it, and condtions t to produce a finalanalog voltage output of ±5 volts 
or ± ull cale flow. The converteralso condtions the signal to 

provde optmal filterng of spuriouswideband nse that picked by the ensor 
(suh as 60-Hz noises gen¬erated In waters nea urban and Industrial 
areas) There are several sensors that can be used wth ths meterng 

devce.The Seres 501 sensor Incorporates one par of 

detection 
electrodesand provides an output voltage proportional to the 

vector component offlow perpendicular to both the lne connectng the 
two electrodes andto the axs of the sensor. The seres 502 Incorporates 

two pairs ofdetection electrodes and provdes two output voltages, 
measurng twovector components of water flow. The series 81/82 sensors 

are,respectvely, sngle-component and two-component devces whch 
produceapproxmately sx times the flow sgnal power of the Seres 500 

sensor;ths sensor is said to perform wthn specfcatons for flow velocityup 
to 15.2 m/s (50 fps).202 



Range:Output 
Tme 

ConstantMaxmum 

Error 

Band:Span 
or neartyZero 

OffsetRandom 
Nose 

Seres 500 
sesorSeres 80 

sensorSeries 80 
sensorwth 

optonFull 
Scale adjustable 

to 0.09. 

0.30,0.9, 

3.0 or 9.14 m/s (0.3, 1 3, 10,or 30 
fps)Adjustable to O.I, 0.3, 1, 3, or10 

econdsCONVERTER 
ODEL HO.6/62 63/632± 

±2±0.0 

±0.050.006/0.002/0.00/0.030/0.00/0.005/UNITSPercent 

of 

Fu ScaeFeet 
per 

secondFeet 

per secondwhere 
T s 

the 

outputtme 

constant nsecondsApparent 

peak-to-peak 

noe on a 
recorder depeds argey on chart speed; 

butapproxatey, 

apprent peak-to-pak nose s 6 tmes rms. vaue.PRICE: $2,000COMMENTS$3,000 
dependng upon configuraton.Ths device should find some use as an 

attended 
survey 

unt 
in 

tsportable confguraton. Because of 

the obstructon to the flowoffered by the standard probe confguraton, 
some Ingenuty wouldhaveto be exercised in mounting f damage 

from debrs in the flowIs to be avoded.203 



MANUACTURER DANIEL IDUSTRES, INC.P.O. 
BO 19097HOUSTON, 

TEXAS 77024TELEPHONE 
(713 467-6000PRODUCT 

LINE:PRIMAR 

DEVICES - ORIFICE PLATES AND METERS, TURBINE EERS, FLOWNOZZLESSECONDARY 

DEVICES - DIFFERENTIAL PRESSURE TRANSDUCERS, TRANSMITTERS,AND CONVERTERS, 
NDICATORS, AND TOLIZERS (CALLED FLOW CMPUTERS)DESCRITIO:Prmary 

DevicesDanel 

Industries, 

Inc. manufactures a full lne of orifice plates andflanges, orfce 
metering 

tubes, bored orfce flow setions, andorfice fttings for lne 
sizes varying from 0.6 cm (1/4 in.) to 1.5m(4 ft) In daeter. Ther "Senor" 

orfice fttigs have a dual chamber desgn (Figure A) that permts the 
orfce plate to be removedfrom pressure lines safely nd quickly 

ths faciltates regular in¬pection and mantenance. "Junor" orie ittngs 

and "Simplex"orifice plate holder are made for applicaton where 
lne by-pass orpressure shut-down is permtted. A large range of orifice 

flanges foruse where it is not necessary to make regular plate 
Inspectons is alsooffered, as are orifce meter tubes and bored orifice flow 

sectons foruse where greater accuracy Is requred.Danel manufactures a 
line of lquid turbine meters (Figure 

B) 
nszes from 1.3 cm (1/2 In.) to 61 cm (24 in These meters areIntended 

for use where highly accurate measurement of large lquidvolumes 
is required, eg., custody transfer. Each meter can be fittedfor 

flo. Normal (lnear) flow ranges are around 10:1and extended flow range 
are from around 15:1 to 40:1, dependng uponsize,Danel also 

manufactures 
a full line of precison flow nozzle (ASMElong radus and ASME 

throat 

top) Including flanged, weld-in, andholding rng types in a wde variety 
of materals (Figure C) Forhghest meterng accuracy, a fully 

assembled flow nozzle and meter tubeis offered. Large volume custom 
meter stations and proving systems aresuppled in virtually any sie and 

capacty.204 







FLANGEDFLOW 

NOZLEThs 

type of nozle has a flange on ts upstreamend 
whch s nstalled betwen ppe flanges tohold the 
nozzle concntrc wth the nsde of theppe The nozle 
flange can be furnshed n anyseres of acing 

(raed, rng-ont, etc spcifedWELD-INFLOW NOZZLEThs nozzl 



Secondary 
DevcesDanel 

supplies a wide range of differental pressure transducers, 
counters, and indicators and totalzers (called flow coputers) for use with 

all of Its primary elements. A typical differen¬tal pressure flow 
computer might take 4-20 sgnal that isproportional to pressure 

dfference and onvert ths into: a visualIndication of flow rate on a 
front panel meter; 4-20 mADC electrcaloutput that is proportonal to 

flow rate; a visual, sdgit Indca¬ton of totalzed flow; and an electrical 
dry contact cloure per eachtotalzer advance. Flow rate recordngs are 

not normally suppled,but could be on specal order. Smlar outputs 
are avalable fromsecondary elements for use with turbine 

meters.COMMENTS:Much of the Daniel product line was 

developed 

for 
the ol and gasindustry and e more typcally uited for th 

applicaton 
than formeasurng storm and combned sewer flows There mght be 

some 
usesfor ther flow nozzles and orifice meters in measuring sewage 

flow,but the turbine meter Is not at all suitable. For this reason 
nodetailed specfcatons or prices wll be gven.208 



MAUFACTURER: DREXELBROOK ENGINEERING CPAN205 
KEITH VALLEY ROA 

PENNSYLVANIA 19044TELEPHONE (215) 
674-1234PRODUCT LINE: 

LEVEL 
GAGESDESCRIPTION:Drexelbrook 

manufactures wide lne of econdary low measuring andindicatng systems 
In ther Series 508 (see Figure A). The Drexelbrook"Cote Sheld" fowmeters 

provide relable and accurate measurement ofthe flow of clean or 
dirty liquids through virtually any head-areaprary devce such as 

flumes, wers etc. The contain nomoving parts, float, or ar purge tubes; 
they cannot plug, and areunaffected by coatig of solids such as 

slush mud, algae or slme,buld-up paper, sludge, etc. The sensing 
element Is statc and canbe installed ether drectly In the moving stream 

or in a stllngwellThe sensing element is bascally a precson 

admttance-to-currenttranducer. 
It wll provide an output current drectly 

proportionalto the input admittance presented by the ensing element. Each 
meas¬ured flow rate corresponds to a specfc level In the weir or 

otherprmary devce. Ths varaton In level will cause minute amounts 
ofcurrent to flow from the sensing probe to the grounded stream. A 

compensated bridge circut is used to accurately measure the change 
incurrent. The output of the brdge circuit Is a DC voltage whch s ameasure 

of the true flow rate. The outpu voltage amplfied In afeedback 
amplifier to provide an output current drectly proportionalto flow 
and unaffected by the output resistance. The output currentcan be used 

to operate a varety accessories such as remote meters,recorders, 
alarm crcuts, and eletro-pneumatic transducers.Drexelbrook has a 

number 
of the Seres 508 models avalable both withand without 

"cote-shield" action for clean or dirty lquids that varyin calbrated 
immerson 

depth of the sensor probe from 30.5 to 91.5 cm(12 to 36 n Standard 
systems are avalable for use wth any 3/2- low head-area device 

ommonly used with wers andflumes). Lnear systems (e.g., for use with 

a wer or Kennsonnozzle) are routnely made to order and virtually any 
depth-dschargecharacterzaton can be provided on special request. 

Both 
Internallyand externally (shaped) characterzed probes are available. 

For direct,instream applcations where daage due to large debrs 
(floatng 

logs,rocks etc.) Is a possblty, Drexelbrook offers an optonal 
mountng 

In whch the probe Is held n the flow by n adjustable counterweght 
but is free to pivot up out of the way when struck by an objectIn the 

flow. Ths mounting Is also recommended when extreme build-up209 



EXTERNALLYCHARACTERIZED(SHAPED)SENSING 



Load Resstance 
Effect:Power:of 

fbrous materals such as rag and paper are expected. As largebuldups 
ocur the increased drag on the probe wll it to tltup and allow the 

fbrous materals to wash away.Optional 
Integrators 

(totalizers), batch counters, remote readouts,etc., are available 
as are such extra as lghted meter case, explosonproof housings, speal 

mountings includng extra-long probe, etc.SPECIFICATIONS;Accuracy: 

Drect functon 
of 

prmary devce.Flowmeter output Is lnear 
withn±0.5.Standard Output Current 
Ranges: 

4-20 thru 0 to 1500 ohms1-5 mA thru 0 to 6000 ohms0-50 mA 
thru 0 to 600 ohms0.1 from 

0 to maxmum resstance95 to 

145V, 50/60 Hz wth a ±0.5effect 

on accuracy for nput voltagechanges 
rangng from 95 to 135 VAC,DC 

operaton 
optonal.PRICESBasc Sere 508 

Systems range from 
$553.00 

to 

$1,371.00COMMENTS:These devices appear very well suted 
for 

use wth 

varou primary deves to measure storm and combined sewer flows at many 

sites. Theyare essentally factory calbrated, and only fw feld 
adjutmentsare necessary. It should be noted that the entre calibrated 

lengthof the sensor s not avalable for accurate measurement of flow. 
Forexample, for 3/2 power law probes the lquid lvel should always 

lebetween 1/3 and 3/3 of the calbrated length. Thu, a maxmum calbrated 
length sensor shoud not be used for heads greaterthan 51 cm (20 

in.) nor les than 15 cm (6 in An addtonal In¬teresting feature s that, 
based upon an applcaton descripton,Drexelbrook wll quote on a 

guaranteed performance bass. If theequpment does not perform withn 
the quoted specfiations It maybe returned for free repair, 

replacement, 
or credt.211 



MAUFACTURER: INCOROATED2381 SOUTH 
CLINTON SOUTH NEW JERSE 

07080TELEPHONE: (201) 561-1000PRODUCT 
LNE: EDD-SHEDDING 

PRIMAR 
DEVICES; TRASMITTERS, FLOWCONVERTERS, INDICATORS, 

TOTALIZERSDESCRIPTION: Inorporated makes 

the 
series 

vortex shedding element forthe measurement of flows of gases, lquds and 
slurres. Also offeredis selecton of secondary instrumentaton Includng 

transmitters forvarious applcatons, everal flow converters, a dgtal 
rate indcator,and a totalzer.The VS-21 digtal flowmeter (patented under 
the trade name 

of 
VS-21 

FlowTransmitter) Is the primary flow measuring device, and forms an Integral 
part of various flow transmtters n the manufacturer's productline 

- both "full pipe flow" type and Insertion flow varety. In con¬juncton 
with the transmtter and sensor elements, this device utilizesthe 

principle (or efect) of vortex eddy-shedding to measure the flowvelocty. 
The VS-21 generates pulse signals over very wde flow range(up to 200:1) 

at a frequency proportonal to the fow rate. It cur¬rently utlizes 
any one of four sensng techiques to measure low.Three of these 

technques employ thermstors; the other makes use of a"shuttle-ball" 
concept, in whch "captive" hollow nickel ball isdrven by the effect of 

vortex sheddng.In the thermstor technques, an electrcal current Is 
passed throughthe thermistor, heatng it 

and makng it responsve to the oolng ef¬fects of flw. The changes n 
flow velocity acros the thermstor dueto vortex shedding reult in change 

in its temperature, thus resultigIn corresponding changes in Its In 
the front face thermis¬tor technique (Fgure A) two coated thermistors 

are bonded Into thefront face of the flow element and operated 
dfferentally.Figure A212 



Th vortex shedding behnd the flow element ffects the directon offlow 
mpngng on th front face causing velocty vari¬ations at the two 

thrmstors. Ths Is th approach used by for wastewater and slurry 
flowmeasurement 

applications.The "central" thermstor technique 

(Fgure B) utilzes a passage drlledthrough the flow eement. The generation 
of the vortes alternately oneither sde of the pasage causes flow to 

move back and forth In thepassage and across a sngle, removable thermstor 
sensor assembly whchs mounted through one end of the flow 

element,THERMISTOSESOR2ZFgure BThe external thermistor 





for installing or removing the flow transmitter from the line. 
Asstated by the manufacturer, the Inserton depth cannot be altered wth¬out 

removng the device from the pipeline, makng It n a sense "tamper-proof". 
The adjustable, hot tap odel 2620 (Fgure E) can be removedor Intalled 

(manually against pressures up to 60 through a blokvalve without 
interference with process flow. The model 2630 has athreaded shaft 

enabling to be Inserted Into a high-pressure liquidstream without 
"blowng down" the ppelne or Interrupting low. Bothmodels 2620 and 2630 

are recommended for stuatons where costs mayprevent he use of full 

pipelne eters, or where It s necessary toremove he meterng device for 
Inspecton or ppelne "piggng". Thesetransmtters may also be used to 

traverse across a pipelne to deter¬mine velocity profle and are sutable 
for use in effluent monitorngsystems. As wth the full pipe flow 

transmitters these models can beused with flow converters located up to 

762 (2500 ft) away from theste. Thee transmtters are usable in 
pipelnes 

ranging from 20.3 to274 cm (8 to 108 nMODEL 2620HOT TAP STYLEMODEL 
2610FIXE STYLEFigure 

E215 



low Converters/ndcatr 
offers 

several flow converters for use with the flowmeter. These include 
Models 4100 and 4200 and the odel 44 digtalflow rate indcator. The 
4100 s desgned for stationary or applcations, acepts gnals from a 

VS-21 flow transmitter, andprovides a conditioned pulse Optional 
features include scalingto engneerng units, totalizers, and analog rate 

indicators.Model 4200 is simlar to the 4100 exept that it 
provides 

field adjust¬able scaling to engineering unts and can be panel 
mounted.The 

Model 4400 displays low rate i dgital form. It has a 

small plug-n module which permts drect readng n any desred engineerng 
units.SPECIFICATIONS:Model 2210 and 2510 

TransmttersRepeatablity:Lnearty:Calibraton 

Accuracy:Pressure Loss:Response 

Time:Mnimum 

Measurable 

Flow:Flow 

Capacity:Turn-Don 

Rato:Model 

2600 Series 

TransmttersRepeatabltyLnearity:±0.1 

o 

readng, 
or 

better±0.5 

of readng (at ppe 
Reynoldsnumbers 

of 

10,000 
and 

above)±0.250.4 

at m/s (20 

fps)1 msec @ gnal frequencyCorresponding 
to pipe Reynolds 

numberof 

5,0002.54 cm (1 n - 302.8 

(80 gpm)91.44 cm (36 n - 
340,650 

(90,000 gpm)10:1 100:1 (standard); 
up 

to200:1 (optional)±0.1 of reading or 
better±2 of readng (at Reynolds' 

numbers10,000 

and above based on flow 
elementdimension o 

5.1 

or 10.2 cm (2 or4 in.)* 

Meter Sze216 



Calibraton 
Accuracy;Pressure 

Loss;Response 

Tme:Minmum 
Measurable 

Flow:Turn-Down 

Rato:Element 
SzePRICES;±1%NegligbleSame 

as 
Models 2200/2500 seresSame as 

Models 2200/2500 seresSame as 

Models 2200/2500 seres5.1 and 

10.2 cm (2 and - 4 in.)diameterStandard 

prices not available at the tme of this writing.COMMENTS:There 

is 

necessarly an obstructon to the flow wth all of these de¬vices, so their 
use does not seem appropriate where large trash anddebris are 

present in the low. well-conditoned flow is necessaryfor acurate 
readngs, 

and a mnimum of 20 to 40 ppe dameters Inlength of straight 
pipe (15 to 20 diameter If straghtenng vanesare used) is required 
uptream of the meter and at least two pipediameters of straght ppe 

downstream. Gaskets upstream and near theeter must not protrude Into 
the flow.217 



MANUFACTURER: EDO COPORATION1310 
111 STREETCOLLEGE 
POINT, YORK 11356TELEPHONE: 

(212) 445-6000PRODUCT 

LINE: FLOMETERS; PROBES, RECORDERSDESCRIPTION:The EDO onic 

flowmeter 

operates 
on the doppler sht priciple and ia further development of EDO's 

lne of doppler current meters. Thebasic parts of the flowmeter 
(acoustic probe and receiver Indicator)are depeted in Figure 



sensitive to ampltude varations, the Is mmune to changesn Impurty 
concentraton and perpheral nose.Signifcant claims 

have been made for ths device with respet to Itsue in applicatons. 
These are:• The probe does not clog due to 

sedment 
or slt as, for example, the pressure ports of varous 

• The probe does not accumulate undue grease on 

the sensors,snce they are located in hgh-velocity regon of 
thelow;• The probe can be easly wiped free of grease, 

rags 

andother materials because of its cylindrcal shape.In 
addition to ts applcatons to flow measurements In 

pipes, 
the EDOflowmeter can be ued for open-channel velocity measurements. 

The flowmeter has been used n fresh water salt water, raw sewage and 
sludge.EDO provides flowmeters and accessory equpment for both 

portable 

useand fixed installaton. The odel 763 Is designed or applca¬tons 
and model 76P Is offered for portable uses.Model 763 The flxed 

flowmeter, 
with its automatic cleanng assemblys 

Installed 

at a specfc point n the flow system. The cost of anEDO fixed flowmeter 
Installaton Is esentially constant, regardlessof the ppediameter, 

whereas the cost of Venturis, andsmilar in-lne meters tends to 
Increase dramatcally wth pipe diam¬eter. Due to ts ease of installation, 

the meter particularlysuited to retrofit applcations. If user 
requrements dictate, it canbe used in the nterim perod while an 
I-lne meter Is being repared.Fxed flowmeter configuratons can be altered 

to meet specific plantrequirements. or example, receivers for two 
or 

more probes bepackaged n a single recever unt, and local Indcators 
or totalzersmay be installed on the receiver panel.An automatc 

wipng mechansm cleans the probe perodically by wth¬drawng and reinserting 
It through wping glands. The perod 

betweenleaning cycles is controllable and Is set acordng to exstng 
con¬dtons. The cleaning can be remotely actuated from a control panel,if 

chart-recorded low readigs Indcate the neessity.The mechansm provdes 
unattended operaton and requres only routinepreventive maintenance 
every 6 months. No purgng is required.219 



Model 763P The portable flowmeter Is general plant nstrumentaton,inserted 
and removed as requred, for plant flow urveys trouble¬shootng, 

evaluaton of equpment, etc Installation and Inserton canbe made 
without 

interruption of flow. Except for physcal dimensonsand weight, 
differences in the respectve reever/ndicator configura¬tions, and the fat 

that It not equipped with automatc wipngmechanism, the portable 
flowmeter operates essentally the same as thefxed unt.SPECIFICATIONSIns 

ionFlow 

Range 0.03 - 

4.57 m/s (0.1-15 

fps)Ppe Sze 15.24 - 243.84m (696 in.) 

daAccuracy ±1.5%Acoustic ProbeFrequency 

3.0 MHz 

,005%Power 
Output 

1.3 wattsTransducer Spacing 

1.9 cm (0.75 
n.)Transducer 

Angle 20°Length of Cable 
Probe 

up to 152m (500 

ft)Sze of ProbesSmall 1.9x91.4 cm (3/4x36 

In.)Large 
5.1x182.8 

cm (2x72 n.)3.048m (120 

In.) (wth probe 
extended)PRICE:Model 

763F (Probe, Wiper Assembly, 

Reeiver, 

Chart Recorder, Totalzer)Wth Small Probe —————————————————— $ 9,345Wth 

Large probe————————————- $10,300Model 763P 
(Indicatng 

Recever, one Large or Small 
Probe,COMMENTSThese 

devices are essentially velocity probes and, hence 

knowledge 

offlow velocity profles Is necessary In order to obtain flow dscharge.They 
would appear sutable for open channel as well as full pipe low220 



certan The ensng probe necessarily presents anobstacle to th flow and 
In flows contanng large trash or debrs,It might be physcally damaged 

Hence ts use would seem inappropr¬ate In ths case. Otherwse, the 
selfcleaning feature would appearto be attractve and could allow its 

use In troublesome flows. Theseunts are fairly ew on the market, and 
wastewater applation dataare scant.221 



MANFACTURER: ENVIRONMENTAL EASUREMENT SYSTEMSA 
DIISION OF 905 DEXTER 

AVENUE NORTHSEATTLE, 
ASHINGTON 98109TELEPHONE 
(206) 285-1621PRODUCT 

LINE: 
ULTRASONC LOW 

MONTORDESCRIPTION:Environmental 

Measurement Systems, a divison of WESMAR (WesternMarine Electroncs, 
Inc.), Is now producton wth ther UltrasoncFlow Monitor, IEM-200, 

a completely packaged secondary device that measures and records 
contnuous liqud flow. TheUM-200 (Figure A) is calibrated, pror 

to 
shpment, to the customesULTRASONIC FLOW MONITORMEASURES AND RECORDS 



continuously dsplays the total amount of flow, in six digts, up to1 
billon gallons (3,785 bllon lters); the permanent recorder recordsthe 

converted and calbrated flow output in gallons per mnute on a strp 
chart at a speed of 2.5 cm (1 In.) 

perhour.SPECIFICATIONS:Range:ResolutonRepeatablity:Lnearity:Output 

Sgnals:Pulse 

Proportonal 
to 

Flow:Sensor Beam 

Pattern:Remote 
Operation(Electroncs 

to 

SensorSeparaton)Input 

Power:DimensionsEnclosure:Weight:ElectronicsSenor:RICE:Not 

available 
at 

tme 
of 

writng.COMMENTSSome 

users 

have encountered dfficulty due to 

(alse 

sgnal returns) when usng these devices in manholes. Puttng plastc 
sheldaround the transducer seems to solve the problem.m (10 ft) (maxmum)41 

m (16 in.) (minmum)wthn 1%wthn 1%within 1%0 to 

5 (proportonal to 
head)0 to 5 VDC or 0 - 1 

MADC 

(proportionalto 

flow)1 

pulse every 1,000 gallons7 concal 
Included angleUp to 91.4m (300 

ft)110/220 

VAC, 
50 to 60 Hz,10 watts 

(or 

±12 VDC)36x31x15 cm 

(14x12x6 

in.)15 k (3 1 

Kg (2 Ib)223 



MNUFACTURR NC.150 NASAU 
STREETSUITE 

1430NEW 
YORK, 

NE YORK 10038TELEPHONE: 
(212) 349-2470PRODUCT 

LINE: 

CURRENT METERS, COUNTERS/INDICATORS, STAGEMEASUREMENT 

DEVICESDESCRIPTION:Epic 

nc. s 

the U.S.-based outlet for preision Instruments and ma¬chinery 
manufactured 

by the West German frm of A. Ott Epcand Ott offer a lne o 
current (velocty) meters and a varied selec¬ton of secondary flow 

measurement 
devices Including counters,recorders, and indcators and 

several stage measurement devices (e.g.,water level recorders, pont 
gage, and a "flowmeter Most of thesedevices are desgned primarly for 
measurement of water flows, butseveral have found appliation in the 

wastewater feld.Current (Vlocity) Meters - Typical 

current 
eters n the lneInclude the Unversal types 10.002 (C31) 10.200, and 

10.300. Types10.002 and 10.200 are smilar in that they both produce 
sgnals gen¬erated by an impulse device actuated by a permanent 

magnet so that therotation of the propeller s not slowed down by a contact 
system; thesgnals are totalzed by an electromagnetic counter 

connected 
by cableto a magnetc swtch, ounted in the meter body. It has been 

reportedthat the Type 10.002 (C31), shown in igure A, has been used 
success¬fully (in conjunction with a specially-desgned flow tube) by 
at leastone large municipal government in the measurement of effluent 
flows.Types 10.002 (C31) and 10.200 are portable, battery-powered 

devices.Type 10.300 is a permanent flow measurement device. Unlikethe 

10.002 and 10.200, ths Instrument permits direct determnatonof low 
velocity and can be permanently Installed. As do the other twocurrent 

meters the 10.300 produces a sgnal voltage that Is propor¬tonal to 
water speed; this voltage can be read from an indiator Inm/s. Telemetry 

of the measurements is possble.The type propeller used, and its 
dameter and pitch Is determined bymaximum flow 

velocity 
of the flud into which it Is placed. As shownin the following 

table there is a varety of propellers for everalapplications — ncludng 
oblque flows as well as straight flows.A variety of methods for 

Indicatng and recordng flow velocities isavailable: direct indcation 

va a servo system (for precision remoteindicaton) four-digit dgital 
readouts by a converter and readout224 





devie; contnuous recordng of low velocity on compensatng recorderespecally 
sutable for permanently Installed velocty meters); andrecordng of 

the measured alue by a portable, battery-powered min-recorder (basically 
used with non-permanent meter Installations).Flowmeters - Epc 

offers the Type 22.001 "flowmeter" for Indicatng,recording, and 
countng 

the dscharge at measuring weirs or open chan¬nels and in pipe 
lines. 

ventur flume can be provdedwth this unt. water level-recorder 
with an electrical output (0-10 volts) is used as the measuring 

transmtter for the water level.Varous systems of level meters can be 
employed — e.g., pressure levelgage, tube level gage, pressure level 

gage 
with transmtter-amplfier,float-type level gage etc. Fgures B through 

F show some typicalapplications of ths meter. The 22.001 combines 
a direct read¬ng ndicator, counter, and strp recorder wthn sngle 

cabinet.1. Meterng with the pressure level gageA pressure 
transmitter 

Is fastened on the bottom of the 

measuring 
chan¬nel. The device operates as an Inductive measuring value 

sender. Themechanical part of the measurng value sender is a metal 
membrane.The deformaton of the metal membrane resultng from the 

pressure 
ofthe water column standng over the sender s a functon of the 

waterheght H. Ths deformation whch lies for the nomnal range In 
themagnitude 

of less than 0.2 mm Is easured with an inductve 
measurngtransformer 

and, over correspondng electronics, converted Into avoltage 
of 5 volts for the nomnal range.771H1rhpFigure B2. Tube level 

gage (I)In very muddy channels it is 


